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I. Introduction

The use of satellites offers the opportunity for the synoptic

observations necessary to measure the spatial and temporal variability

of large scale dynamic systems such as the Gulf Stream. Confidence in

the interpretation of various satellite data, however, can only be

developed through accumulated correlation of satellite signals with

simultaneous surface and subsurface oceanographic measurements. Toward

this end, a concurrent satellite and ship experiment across the Gulf

Stream in the region north of Cape Hatteras was performed during the

period 21 May to 4 June 1976 by personnel frcm NASA Wallops, NASA

Langley, NOAA_S, the U.S. Naval Research Laboratory, and North Carolina

State University.

The objectives of this study were the determination of the current

hydrographic and pressure structure of the Gulf Stream (cf. Figure I),

as a function of the vertical and cross-stream spatial directions; the

calculation of the Gulf Stream transport, the correlation of the surface

t_perature, salinity and velocity of the Gulf Stream with meteorological

forcing; the cemparison of remotely sensed, satellite imagery with the

oceanographic station data; and the development of a first order model

which might be used for interccmparison between satellite imagery and

ground truth. This model is the subject of a separate report (P., Jand B-M).

The site chosen for the field effort was the area north of Cape Hatteras,

N. C. along several lines frcm the Chesapeake Bay to Bermnda.

Without a doubt, the most engrossing problem that has concerened the

physical oceanographic con_anlty is that of the general ocean circulation.

The descriptions which have been evolving of major ocean circulations
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consistently postulated large gyral type circulations with broad, slow
w

moving surface flows on the northern, southern and eastern extents of

the ocean basins and intense, narrow bands of boundary currents on the

weste_n ,margins of the oceanic basins. The data corroborating the

existence and character (mostly hydrographic) of these currents, which

hug the eastern shores of the subtropical continents of the world, com-

prise more volumes of scientific testimony than any other oceanic phenomena.

Along with these data, theories began to evolve which substantiated the

necessary existence of anti-cyclonlc (cyclonic) gyres between the equator

and approximately 60° North (South) latitude. The time-averaged, theo_.t -

ical, general circulation picture, which was essentially born in the late

1940's, indicated that mean global winds and thennodynsmic forcing were

responsible for the observed global circulation patterns. As so often

occurs though, when the technology become available to allow the scienti-

fic conmmaaity to make more sophisticated measurements of the oceanic

phenomena, the theories and beliefs which were so certain were found in-

adequate and inaccurate. This is true of both the conceptual models of

the general oceanic circulation as well as those of the western boundary

currents, including the Gulf Stream and the Kyroshio Current.

Satellites have recently given us some dramatic thermal gradient

pictures of the surface signature of the Gulf Stream. These products,

available on a daily to weekly basis (NOAA-NESS), have demonstrated the

dynamic variability, both spatial and temporal, of the Gulf Stream and

have shown us that our basic understanding of western boundary current

dynamics if fairly crude. Moreover, it is apparent that the only rational

way to approach the western boundary current dynamics problem is through

3



the combined use of ocean research vessel, airplanes and satellites.

Satellite capabilities are expecially well suited to detect and mqnitor

these intense, poleward flowing bands of continental margin hugging

currents. While the measurement of oceanic temperature fields, such as

those associated with western boundary currents, with remote sensing

devices has been successfully performed since the 1960's, few investiga-

tors have ventured to infer from the wealth of thermal data any but most

general features of current boundaries and circulation patterns.

Western boundary currents can usually be identified, at the ocean's

surface, as prcmlnently and persistently strong density (derived from

temperature, mainly) gradient features. _hey, in fact, have enormously

high temperatures across their surface widths and appear as r_rthwestern

fronts of warm lenses of subtropical water in the Northern Hemisphere.

They usually flow poleward, along the continental margin, meander laterally

and occasionally shed large filaments or eddies along either lateral

extreme. These patches of water may or may not detach themselves from the

main boundary current, have been called shingles, sausages, filaments and

more typically spin off eddies and can rotate either cyclonically or anti-

cyclonically; typically the events on the landward side tend to be warm

core and cyclonically rotating. When these events occur, there is typically

an entrairment of nearby water masses into the western boundary current.

The western boundary currents typically turn toward the east, leaving the

coastal margin, approximately at latitudes where the curl of the mean

zonal wind is zero. The Gulf Stream also deflects and meanders offshore

possibly due to topographically Induc_vorticity constraints (eg. Pietrafesa,

1978) and moreover the mean path of the Stream and the envelope of the
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meanders can be explained by topographic control of the Stream path

(Warren, 1963; Hansen, 1970; Robinson, 1971; Pietrafesa, 1978). "

In April 1971 the NOAA I scs.nnlng radicmeter observed a cold body

of w_ter moving southwest from the Gulf Stream off Cape Hatteras (Rich-

ardson, et. al. ; 1973). Ground-truth studies made with XBT's confirmed

the existence of a cyclonic eddy traveling at one mile a day. DeRycke

and Rao (1973) reported a similar sighting in 1973 based on NOAA II VHRR

(Very High Resolution Radlcmeter) pictures. The same instrt_nent, measur-

ing sunglint, noted the effectiveness of the Lesser Antilles in protecting

their lee waters fram wlnd-generated waves (Strong, et. al., 1973).

Rough waters show up darMar than calm waters on such photographs. Sun-

glint variability also provided an outline of the Gulf Stream and the

Gulf of Mexico's Loop Current, both of which have opposing (and therefore

steeper) waves superimposed on them by prevailing winds (Strong and

DeRycke, 1973). This characteristic provides an alternative to purely

thermal boundary signatures, vahich are seasonal in some major current systems.

Another alternative, suggested by Maul (1973), relies on optical properties

influenced by chlorophyll and other substances present in bodies of water.

An analysis of EF_-I photographs of the Gulf Loop Current produced mixed

results related to seasonality of color signals.

Szekielda (1972) has reported the location of upwelllng regions off

the northwest coast of Africa by studying color enhanced prints of infrared

radiometer photographs. Multlspectral analysis of photographs taken dur-

ing May and June of 1966 also revealed the characteristic features of the

Benguela and _ulhas currents around southern Africa. Three studies of

the Somali Current (in 1966, 1969, and 1970) with Nimbus satellites docu-

mented upwelllng and translation of the upwelled water. Warneke et. al.

5



(1971) used Nin_us IX to investigate the demarcation line between the
f

Falkland and Brazil currents. In addition, they found that satellite

and aircraft radiometers produced very similar estimates of the position

of the Gulf Stream westernboundary. In 1973, ERTS-1 photography of

the New York Bight (Charnell, et. al., 1974) opened up the possibility

of limited three-dimensional analysis of near surface phenomena.

Recognizing that lower bands of the Multispectral Scanner penetrated

deeper into the sea, researchers were able to deduce same sub-surface

spreading of warm river water, and even picked up internal wave patterns.

As mentioned previously, the Gulf Stream varies dramatically in

_utensity, width and seasonal persistence. In addition, the "short"-

scale spatial and "short"-term temporal variabilities are poorly character-

ized and understood. The Stream is characterized by seaward mear_ers of

the length scale orders of 10's to 100's of kilometers (km). For the

past several decades, the role of the Gulf Stream in the general recircula-

tion of the North Atlantic was thought to be understood but, even though

the Stream may be the world's most intensely probed and studied oceanic

phenomenon, it's role is now being reevaluated both theoretically and

experimentally. The current field of the Gulf Stream has been measured

from aircraft and research vessels (W.S. Richardson and Schmitz, 1965;

Barret and Sc_mlltz, 1971; P.L. Richardson, 1972; Niiler and W.S. Richardson,

1973) and its surface signature is now presented quasi-weekly by both

NOAA-NESS when the cloud cover permits and weekly by the Naval Oceanographic

Office. Still, we are now only c_ain of the variability of the Gulf

Stream.



The fate of the eddy energy is not at all certain. Whetheror not
w

they are directly coupled to the mean circulation or are dissipated in

the possible generation of heat of internal waves is _own. The

origins of these eddies is also unkno_m. Theoretical concepts exist

which cover nmny possible eddy origins, and one can count an abundance

of possible eddy sources, including agents which concentrate energy in

western boundary currents but the reason and role for eddies remains

unknown. One thing is certain though, given their generation and per-

sistence, the western boundary current undergoes a charge. Whether the

change is cause or effect is not known.

FrGn the extensive ocean station data base and from the satellite

images one can see that 4 day to 2 week temporal and spatial fluctuations

in the local Stream hydrography are present and furthermore the fluctua-

tion energetics seem to be such that energy can be transferred either to

or frGn the mean flow (Webster, 1961). The contention herein is that

over the entire length of the Gulf Stream, the kinetic energy can be

locally doubled a_M is balanced by an opposite potential energy transfer,

so that a persistent current is maintained (Schmitz and Niiler, 1969).

Unfortunately, the presently existing data is not sufficient for estimates

of energy transfer since in order to determine fluctuation energetics,

one n_st measure both the n_ss and velocity fields in three dimensions

(at many points in the horizontal and vertical) all at the "approximate"

same time. This has certainly not been done.

The probl_n of the meanders and eddies is, of course, of interest of

themselves but they may play a role in the overall general circulation

and in that sense, the dynamics of these intermediate scale instabilities



must be understood. One can see from the literature that a considerable

amount of observational information on the location of the Gulf'Stream

is presently available and is being collected on a weekly basis. Still,

velocity data is scant so that the bulk of new data are surface observ-

ables. The actual location of the Gulf Stream fram data sets is probably

best given by hydrographic data indicating the location of the "axis"

(A) of the Gulf Stream by the intersection of the 15°C isotherm with the

200 meter subsurface depth.

The 15°C isotherm at 200 m depth A is a "typical" indicator of the

location of the thermal front which is evident in vertical and horizontal

ocean station data and frcm the satellite and airbourne radlameter data.

" The A location is often cited as the best indicator of the landward

extreme of the Gulf Stream frontal feature, within the cycl_nlc _ zone.

The surface thermal feature, so praninent in infrared thermometry has

been found to migrate laterally from the Gulf Stream axis, i.e., the

horizontal distance, L , along the surface fram the thermal front surface

intersection point to the point at the surface, directly above (along the

vertical axis fram) A . The reasons that this distance changes are many

in possibility, but reliable estimates of A and L will require

simultaneous measurements of: low level winds, sea state, Lagrargian

currents, sea surface temperature, meanders of the Gulf Stream and eddy

formation and time history, all of which are in the realm of remote sens-

Lug possibility. Given these products, the hope is that eventually with

sufficient insight and understanding we may need to detect only the

position of the surface thermal fron_ the cross-stream surface temperature

8



gradient and perhaps sanething about the local atmospheric conditions

and be able to accurately predict L and A . This would _ive us an

instantaneous Gulf Stream path picture along the whole of the stream.

Sturges (1972) addressed the use of altimetry to measure geostrophlc

currents. Although incapable of resolving the problem of levels of no

motion, altimeter readings accurate to I0 cm can identify western

boundary currents, detached eddies, and possibly wastern boundary currents.

The change of the surface height across any part of the Gulf Stream

may be of the order of one to several meters resulting in a cross-stream

slope of approxlmately 5 (10-4) - l0-6 . Zhls gradient is too small

to be realized by conventional oceanographic methods. Consequently,

previous to the introduction of remote sensing, the only sea surface work

was done with tide gauges and hydrography. The data from the tide gauges

is direct but of itself yields only longshore slope. The hydrography

data, though difficult to obtain can be used, with appropriate reservation,

to indirectly compute sea currents and sea surface slope. This method was

generated by Helland-Hansen (1903) on the basis of the BJerknes circulation

theorem (BJerknes, 1900) and makes it possible to imply surface topography

without direct measurement.

In a baroclinlc ocean, i.e., an ocean in which constant pressure

surfaces and surfaces of constant density are allowed to intersect, the

horizontal pressure gradient and current velocity may beccme zero at some

depth at and below which the barocllnlc and barotropic pressure gradients

become equal and opposite in magnitude and direction. This level of no

motion may extend below the bottam so that the pressure gradients due to

9



ir_c_ geneities in the field of mass are not in rm_tual cc_ensation with
f

the z_--eesurface slope pressure gradient. _hough this assumption ray be

grossly invalid, it can be assumed that the Gulf Stream is in "local"

geosz_-ophic equilibrium, i.e., that the Gulf Stream is locally z_iction-

less end non-accelerated. It is thus implicitly suggested that forces

due tc the rotation of the earth and horizontal pressure gradients are in

balance. This means that the horizontal current direction will be parallel

to the lines of constant pressure. The current will thus be in a direction

perper_icular to the pressure gradient such that the higher pressure will

be to the right of an observer facing the direction of flow or "downstream".

A method for calculating the magnitude and direction of oceanic

currer._s using only salinity and temperature data was proposed by L. Sand-

strcrn _ud B. Helland-Hansen (1903) and is based on the asstnupticn that the

balance of forces is geostrophie. This approach is referred to as the

"dynaz--c" method and is explained and interpreted by Fomin (19E-). The

method is a melding of the geostrophic and hydrostatic balances, i.e, the

ccmbin--ug of the geostrophic and hydrostatic balances, i.e., the combining

of the geostrophic, horizontal plane balance with the rate charge of pressure

in the -/ertical, which is assumed equal to the density variable zlmes the

gravit&_ional acceleration constant. In a stratified ocean, the horizontal

pressure gradient in a direction is composed of _wo cc_ponents: the slope

of the sea surface in that direction and the vertic&l integral cf the

horizor._al density gradient, i.e., the difference in density fr__.point to

point, --_longthe co-ordinate direction. The former component is known as
k

the barotropic-geostrophic pressure gradient while the latter is referred

l0



to as the baroclinic-geostrophic pressure gradient. It is further assigned

that at somedepth, baroclinic and barotropic effects will be equal and

opposite and therefore the absolute geostrophic current will equal zero.

Of course, if cne knows the surface slope and/or the surface current

and/or bottom pressures across the Stream, then one has the probl_n addressed

in its entirety.

There are pitfalls in these simple assumptions, but the dynamic

method does allow for the cc_outation of current velocities and sea sur-

face topography from the observed field of nmss, i.e., from ocean station

data consisting of tem_0erature, salinity and depth/pressure and any ccm-

plementary sources such as surface or interior currents or surface slopes

across the Stream.

It is clear fr_n the discussion that infrared imagery indicates the

surface temperature signature and is readily available from satellites,

but unfortunately such data, i.e., temperature gradient signature, may not

be a very good indicator of the position of the Gulf Stream since winds can

blow the surface l_yer of the Gulf Stream away, though leaving the main body

of the Stream intact. There would be poor correlation between infrared

imagery and surface topography data in such a case. Such an occurrence is

probably the rule rather than the exception since wind forcing is rather

active in the region of the Gulf Stream. Thus it is of great value to have

additional satellite data such as the altimeter offers. With the use of

the RA and the VHRR,it is conceivable that one could indicate the time and

space history of the surface waters and indicate where the actual core or

main axis of the Gulf Stream is located. In an attempt to address such

problems, one of the most extensively co-ordinated sur_eys of the Gulf Stream

ll



was conducted during a several week period during May - June, 1976 by

personnel from North Carolina State University, contemporaneouslywith NRL

(National Aeronautics and Space Administration and Naval ResearchLabora-

tory) NASA/Wallopsand NASA/langley. This survey included seven transects

of the Gulf Stream from CapeHenry, Virginia, to Bermudaand includes 1.5

(106) hydrographic data points, downto 3000 meters depth. Current meter,

ship's drift and meteorological data were also obtained. This report

describes the experiment scenario, presents the data results and indicates

that an objective to be able to routinely determine the dyrmmical/physical

character of the Gulf Stream frem satellite imagery is not without future

reusability. A report entitled "Concurrent Satellite and Ship Observations

Across the Gulf Stream North of CapeHatteras" by Curtin, Pietrafesa and

Huang (1978) describes an intercomparison of the various data sets and

conclusions which can be derived therein.

The results of the co-ordinated study are that the surface topography

of the Gulf Stream has been determined and the current structure of the

Gulf Stream has been calculated as a function of the spatial variables,

for different times, from oceanographic station data. Gulf Stream trans-

port has also been calculated based on the station data. A correlation

between the distribution of temperature, salinity, velocity fields and

pressure gradients at the surface and the vertical cross-sectional struc-

ture of these variables using actual observations of salinity, temperature

and velocity and calculated velocities and surface topography and remotely

sensed imagery, including radar altim_ric (RA), infrared radiometric (IR)

and very high resolution radic_netric (VHRR)was accorgolished. The results

of this study were so encouraging that it is not too ambitious to state

12



that field observations from aircraft and satellite and ground truth, _hip,

observations are an obvious extension of any future large scale satellite

application programs.

Z_
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2. Methods

The primary instrument used for conductivity, temperature, de_th

measurements was a Guildline CTD system. Specifications for the Guild-

line Model 8705 are given in Table I. For rapid surveying and between

some C_"Dstations, a Sippican expendable bathYthermograph (XBT) was used.

Specifications for the XBT system are given in Table 2. Continuous near

surface temperature, salinity measurements were generated between stations

using a Plessey Model 6600T Thermosalinograph (TS) coupled to the ship's

cooling water intake port (about 3 m below the surface). Specifications

for the TS system are given in Table 3. _he XBT and TS data output was in

analog (strip chart) format and the recorded signals were mnually digitized

lat_er onshore. CTD output was directly through digital magnetic tape, as

well as analog plots and panel display. CTD and TS accuracy was monitored

in situ using water sampling (Nisken) bottles equipped with reversing thermo-

meters (+_0.03°C). Water samples were obtained at the surface (0 m) and near

cast bottom just above the probe. The bottles were tripped at each cast's

extremity after a five minute equilibration time. Salinity samples were

analyzed on a laboratory bench salinometer standardized with normal sea-

water (+_0.003°/°°). A Barnes PRT-5 radiometer was also used to compare

with the TS near surface temperature measurements. This unit was hand-

held, and readings taken from bridge height aimed at the sea surface about

l0 ° away from the ship's vertical hull line.

Conductivity (actually conductivity ratio) to salinity conversion was

performed as indicated schemtically in Figure 2. Compression and editing

of the raw CTD data files were performe_as described in Curtin and Britton

(1978). Sigma-t, specific volume, dynamic depth anomaly, sound speed, and

14



Table I. Specifications for Guildline Model 8705 CTDSystem.

RANGE

Conductivity (I)
28 to 4O PPT
40 PPT4to 40 PPT

Temperatures
-2°C to +38°C

Depth

FSP= 3000 decibars

ACCURACY

+0.01 PPT

+2 PPM to

-+0.05 PPT

±0.01°C

+-0.25% FSP

RESOLUTION

±0.002 PPT

±i PPM to

±0.02 PPT

±0.001"C

±o.o5% FSP

NOTE i: _he conductivity accuracy statement is given in equivalent

salinity, and is based on the work of Dr. A. S. Bennett,

Atlantic Oceanographic Laboratory, Bedford Institute, Canada.

_F_SPONSE TIME CO_TANT:

Less than 50 milliseconds all channels, including sensors and associated

electronics.

DATA FOBMAT:

Code: M_ltiplexedanalog outputs converted to offset binary, in turncon-

vetted to 3 level (+l, 0, -1) return-to-zero for cable transmission.

Bit rate: 4800 Hz

Cycle time: 80 milliseconds.

SENSORS:

Conductivity - four electrode conductivity cell, spatial resolution in

vertical plane approximately 5 cm. Nominal conductance l0 mmhos at 35 PPT,

15°C.

Temperature - Resistance thermometer consisting of fine copper wire sensing

element encase in oil-filled stainless steel capillary tube, terminated in

a four terminal configuration. Ncmlnal ice point resistance 46 ohms.

Pressure - Strain gage type transducer having an output of 2mV/V. Available

in ranges up to 6000 decibars, overrange capability 50%.

15
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Table 2.

(2)

(3)

Specifications for Sippican Expendable Bathythermograph (_BT) System

Temperature sensing range

Temperature accur'acy

Depth accuracy

28 ° to 96=F (-l. 7QC to +35. 5°C)

± 0. 4°F (+ 0.2°C)

±2% or 15 feet, whichever

is greater

Cycle time 36 seconds for

660 foot drop

90 seconds for

1500.foot drop

180 seconds for

2500 foot drop

PROBE

Thermal response

360 seconds for

6000 foot drop

63% of a step change

in temperature in 3 feet;

95% of a step change

in temperature in 9 feet

RECORDER

Minimum slew rate 45°F/Second (20F/foot

of depth) •

Operating modes .(a) Reload

(b) Check/Run

(c) Launch

(d) Measure

Power Requirement

Ambient Temperature

Range

\

117 + 12 VAC, 57 to 63 Hz,

1-phase, 35 watts

0°C :to 50°C (320F to 122°F)

16



Table 3. Specifications for Plessey Model 6600T Tflermosalinograph .

SALINITY

Salinity Ranges :

Accuracy:

Repeatability:

(I) 20.0 - 30.0 ppt
(2) 28.0 - 38.0 ppt
(3) 28.0 - 30.0 ppt
(4) 29.5 - 31.5 ppt
(5) 31.0 - 33.0 ppt
(6) 32.5 - 34.5 ppt
(7) 34.0 - 36.0 ppt
(8) 35.5 - 37.5 ppt

-+0.03 ppt on ranges (3) through (8)

including recorder errors and the

effects of temperature variations

from-2 ° to +35 C. Ranges (i) and
(2), the accuracy is -+0.15 ppt.

Normally limited only by the recorder;

that is, approximately -+0.01 ppt.

TEMPERATURE

Temperature Panges :

Accuracy:

(I) - 2 to + 8°C

(2) + 5 to + 15°C
(3) +12 to + 22°C

(4) +19 to + 29°C

(5) +26 to + 36°C

Error less than _+0.1°C on all ranges
are read on the recorder.
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the Vaisala-Brunt frequency sqtunred (_) were computed at each depth. .

SiFgna-t wa_ calculated using the en,irical formula developed by Knudsen

2
(1901) _u'_dr_.vritten for progra_4" b'dFofonoff and Tabata (1958). N

was de_,iwd _'_'omthe difference of. buoyant'} _:._two fl'aid elements trans-

ferred isentropically to the mean pressure between the two levels con-

sidered. The Ekman (1908) equation of state was used to calculate the

specific volt,he. The adiabatic lapse rate was computed by an empirical

formula given by Fofonoff (1962). Corrections to Fofonoff's formula, as

pointed out by Wang and Millero (1973), were not applied.

Direct surface current estimates were based on observed ship's drift

during hydrographic stations, typically of 2 to 3 hour duration. Positions

were fixed via loran C, and empirical correctlor_ applied for vessel

windage effects. The overall precision of ,:hedirectly calculated sur-

face currents is estimated to be +_20%. The surface currents derived from

ship's drift were used to convert relative geo_ropkic velocity values

calculated from cross-stream dynamic depth gradients to absolute velocity

component estimates.

Salinity profiles were generated for stations with only subsurface

temperature observations (XBT) using surface salinity measurements (TS)

and the North Atlantic Central Water mass curve at depth.



3. Results

Tables 4 and 5 delineate the section and cruise particulars : The

data from each transect are presented sequentially in the sections

followir_. Within each section, the following format is adhered to:

station positions and wind, swell vectors

atmospheric and sea surface observations at stations

surface temperature, salinity, and sigma-t along transect

profiles of observed and derived variables

tempereture, salinity, sigma-t cross sections

observed surface velocity along transect

absolute geostropDzlc velocity cross section

Profiles of observed and derived variables are presented in sequential

format, and ordered within each group nearshore to offshore (left to right).

The profiles are staggered uniformly along the reference axes; plot distance

between profiles is not scaled to actual station spacing. The numerical

data, corresponding to these profiles, are given by station in Appendix A.

\
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Table 4. Section Designations,

Types

Section Station Latitude
; (oDesignation Number "N)

Station Coordinates, and Primary Data

Longitude Mo./Day Time D_ ta

(°'W) (1976) (G_[r) (Type)

A 01 36 30.0

A 02 36 25.0

A 03 36 20.0

A 05 36 15.0

A 07 36 ii. 0

A 09 36 05.0

A i0 36 00.0

A ii 35 55.2

A 12 35 50.5

A 13 35 45.5

A 14 35 40.4

A 15 35 36.0

A 16 35 31.0

A 17 35 26.0

A 18 35 21.5

B 18 35 21.5

B 16 35 32.0

B 14 35 40.5

B 12 35 50.5

B i0 36 00.0

B 09 36 05.2

B 08 36 08.0

B 07 36 ii. 0

B 06 36 12.5

B 05 36 13.0

B 04 36 16.5

B 03 36 20.0

B 02 36 25.0

B Ol 36 30.0

C 01 36 30.0

C 02 36 24.5

C 03 36 20.0

C 04 36 17.5

C 05 36 14.0

C 06 36 12.5

C 07 36 i0.0

C 08 36 07.5

C 09 36 05.0

C I0 36 00.0

C Ii 35 55.0

C 12 35 50.8

C 14 35 40.5

C 16 35 31.5

\

74 41.0 5/21 053G XBT

74 30.0 5/21 0705 XBT

74 19.0 5/21 0834 XBT

74 08.0 5/21 i000 XBT

73 57.0 5/21 1136 XBT

73 46.5 5/21 1315 XBT

73 35.0 5/21 1415 XBT

73 25.1 5/21 1605 XBT

73 16.0 5/21 1740 XBT

73 03.3 5/21 1910 XBT

72 52.5 5/21 2134 XBT

72 41.5 5/22 0000 XBT

72 31.0 5/22 0145 XBT

72 21.5 5/22 0315 XBT

72 ii.0 5/22 0430 XBT

72 ii.0 5/22 0430 CTD

72 31.5 5/22 0905 CTD

72 52.5 5/22 1330 CTD

73 15.5 5/22 1720 CTD

73 34.5 5/22 2105 CTD

73 46.0 5/23 0000 CTD

73 53.0 5/23 0300 CTD

73 57.0 5/23 0640 CTD

74 02.6 5/23 1330 CTD

74 10.5 5/23 1600 CTD

74 15.0 5/23 1830 CTD,XBT

74 19.0 5/23 2039 CTD

74 30.0 5/23 2315 CTD

74 40.0 5/24 0150 CTD

74 40.0 5/24 0150 XBT

74 30.5 5/24 0104 XBT

74 19.5 5/24 0520 XBT

74 15.5 5/24 0620 XBT

74 08.0 5/24 0740 XBT

74 03.0 5/24 0805 XBT

73 53.0 5/24 0835 XBT

73 52.5 5/24 0910 XBT

73 41.5 5/24 1035 XBT

73 35.0 5/24 1340 XBT

73 25.0 5/24 1515 XBT

73 14.0 5/24 1618 XBT

72 52.5 5/24 1828 XBT

72 31.0 5/24 2135 XBT
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Table 4. Continued.

Section Station Latitude Longitude Mo./Day
Designation Number (°'N) (°'W) (1976) (GMT)

Data
(Type)

D
D
D

D

D

D

D

D

D

D

19 35 28.5 72 30.0

20 35 48.8 72 30.0

21 36 09.0 72 29.0

22 36 28.0 72 30.0

23 36 39.0 72 30.0

24 36 43.5 72 30.0

25 36 49.0 72 30.0

26 36 54.0 72 30.0

27 36 59.0 72 30.0

28 37 04.0 72 30.0

5/24

5/25

5/25

5/25

5125

5125

5/25

5125

5125

5/25

2220

0250

0720

1030

1305

1350

1430

1500

1530

1615

XBT

XBT

XBT

XBT

XBT

XBT

XBT

XBT

XBT

XBT

E

E

E

E

"E

E

E

E

E

E

F

F

F

F

F

F

F

F

F

F

F

F

F

G

G

G

G

G

G

G

G

G

G

G

G

G

31 37 28.5 72 30.0

30 37 18.5 72 30.0

29 37 09.0 72 30.0

28 37 03.5 72 30.0

27 36 58.8 72 30.0

26 36 54.0 72 30.0

25 36 49.0 72 30.0

24 36 43.5 72 30.0

23 36 38.5 72 30.0

22 36 28.0 72 30.0

19 35 28.5 72 30.0

20 35 48.7 72 30.0

21 36 08.0 72 30.0

22 36 28.0 72 30.0

23 36 38.8 72 30.0

24 36 43.5 72 30.0

25 36 49.0 72 30.0

26 36 53.8 72 30.0

27 36 59.0 72 30.0

28 37 03.5 72 30.0

29 37 08.5 72 30.0

30 37 18.7 72 30.0

31 37 28.5 72 30.0

31 37 28.5 72 30.0

30 37 18.5 72 30.0

29 37 09.0 72 30.0

28 37 04.0 7,2.30.0
27 36 59.0 7_30.0

26 36 54.0 72 30.0

25 36 49.0 72 30.0

24 36 43.7 72 30.0

23 36 39.0 72 30.0

22 36 28.5 72 30.0

21 36 09.0 72 30.0

20 35 48.7 72 30.0

19 35 28.5 72 30.0

5127

5127

5127

5127

5127

5127

5127

5127

5/27

5128

6/2

6/2

6/2

6/2

6/3

6/3

6/3

6/3

6/3

6/3

6/3

6/3

6/3

6/3

6/3

6/3

6/3

6/4

6/4

6/4

6/4

6/4

6/4

6/4

6/4

6/4

1035

1352

1555

1640

1904

1936

2158

2238

2327

0130

1230

1650

1940

2310

0020

0230

0315

0553

0634

0927

1023

1320

1445

1445

1810

2013

2113

0008

0055

0340

0445

0459

0620

1025

1240

1445

CTD

CTD

XBT

CTD

XBT

CTD

XBT

XBT

XBT

CTD

CTD

XBT

CTD, CM
XBT

CTD

XBT

CTD, CM
XBT

CTD

XBT

CTD ,CM

XBT

CTD

CTD

XBT

XBT

CTD

XBT

CTD

XBT

XBT

XBT

CTD

XBT

XBT

CTD ,XBT ,CM
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Table 5. Cruise Chronology and Participants

LEG i: 1800, 19 May 1976

0700, 29 May 1976

LEG 2: 0030, i June 1976

0700, 6 June 1976

PARTICIPANTS (LEGS)

T. CURTIN (i & 2)

D. BROOKS (i)

D. LEECH (i & 2)

R. D'AMATO (i)

C. NEELASRI (i)

J. PAULLING (i)

H. PAULLING (i & 2)

M. BANNAEADEH (i)

D. ROONEY (2)

K. PARKER (2)

P. BLANKINSHIP (2)

FAN (2)

CHAO (2)

[ 23
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GENERAL SYMBOL KEY

28

FOR WIND/SWELL FIGURES

MAP SYMBOL

V

v

\\\\ v

\\\\

\\\\\ v

\\\\\_7

\\\\\\v

li

/

Qll

lilo

Figure 4. General symbol

VELOCITY, MPH

< I

I-3

4-7

8-12

13-18

19-24

25-31

32 -38

39-46

47- 54

55 -63

64-75

\

> 75

2 _ SWELL
4 HEIGHT, m

6

key for wind, swell figures.
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Appendix A

N_ical Data Listings

_nese data listings are omitted in this edition of Oceanographic Observa-

tions Across the Northern Gulf Stream. Editions of this report containing these

listings are available on request by those in need.
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